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Quarterly  Status  Report  No.  2 
Covering  the  Period  1  July  1979  through  30  September  1979 


This  is  the  second  quarterly  report  on  the  ARPA 
sponsored  project  titled  "PROCESS  VARIABLE  DEPENDENCE 
AND  INTERRELATIONSHIP  BETWEEN  AVALANCHE  INJECTED  AND 
RADIATION  INDUCED  CARRIER  TRAPPING  IN  THERMAL  OXIDES." 
-Progress  to  date  includes  the  completion  of  the  automated 
avalanche  carrier  injection  and  trapping  system,  the  prep¬ 
aration  of  samples  to  study  hole  and  electron  trapping  in 
dry  as  well  as  wet  oxides,  and  the  measurements  of  the 
effects  of  various  process  parameters  on  the  trapping 
characteristics  of  thermal  .  ...  * 

'/Q  -  i  ci  <  cv  J'  *■  * 

Experimental  Procedure 

The  automated  avalanche  injection  carrier  trapping 
system  is  now  complete.  The  system  is  capable  of  measuring 
flatband  voltage  changes  as  a  result  of  the  avalanche 
injection  and  trapping  of  both  electrons  or  holes  in  thermal 
Si02  from  p-  and  n-type  silicon  substrates,  respectively. 

The  samples  used  in  the  experiment  are  n-type  (111) 
silicon  wafers,  resistivity  0. 2-0.3  fi-cm,  or  p-type  (111) 
wafers  resistivity  0.4-0. 7  ft-cm.  The  wafers  are  oxidized 
in  dry  02  or  pyrogenic  steam  at  900°,  1000°,  and  1100°C  to 
an  oxide^thickness  of  approximately  800  A.  Following 
oxidation  the  wafers  are  cooled  in  the  oxidizing  ambient  ■ 

[0-  fast  pull  ( <3  sec),  CU  slow  pull  (10  min),  H^O  pull 
(<30  sec)]  or  in  an  inert^ambient  following  a  10  min  anneal 
[N-  slow  pull  (2  min),  Ar  slow  pull  (2  min)].  The  oxide  is 
then  removed  from  the  back  of  the  wafers  and  Al-Cu-Si 
deposited  by  cold  flash  on  both  sides  of  the  wafers.  Metal 
dots  (30  mils  in  diameter)  are  defined  by  photolithography 
and  one  half  of  each  wafer  is  annealed  in  N2  at  400°C  for 
10  minutes  while  the  other  half  receives  a  post-metallization 
anneal  in  a  10%  H2  in  N2  ambient  at  400°C  for  10  min. 

Tables  I  through  IV  identify  the  various  runs  by  number 
and  process  sequence.  The  tables  also  show  the  number  of 
fixed  oxide  charges  (N^  and  the  interface  state  density 
at  midgap  (Dit) . 
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Valued  of  Fixed  Oxide  Charge  (Q^)  and  Interface  State  Density  (D 
N-Type  (111)  Silicon  Wafers  Oxidized  in  Steam 


Values  of  Fixed  Oxide  Charge  (Qf)  and  Interface  State  Density  (D^t)  For 
P-Type  (111)  Silicon  Wafers  Oxidized  in  Steam 
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Results  and  Discussion 

Characterization  of  fixed  oxide  charge  density  and  inter¬ 
face  trapped  charge  density  (at  midgap)  has  been  carried  out 
for  n-  and  p-type  samples  prior  to  the  avalanche  injection 
and  trapping  experiments.  Results  to  date  are  included  in 
Tables  I  through  III.  Some  points  of  interest  in  the  process 
dependence  of  the  interface  charges  are: 

(a)  lowest  densities  of  charges  are  obtained  for  samples 
annealed  in  situ  following  oxidation  either  in  nitrogen 
or  argon, 

(b)  lower  charge  densities  are  obtained  for  samples  oxidized 
at  higher  temperatures. 

These  results  conform  with  our  previous  observations 
and  are  typical  of  the  process  sequences  outlined  in  the 
tables . 


Hole 


>ing  in  Dry  0^  Oxides 


The  results  obtained  from  the  hole  trapping  experiments 
are  summarized  in  Fig.  1.  Flatband  voltage  shifts  are  shown 
versus  oxidation  temperature  for  samples  oxidized  in  dry  0 2 
with  various  cooling  conditions,  and  given  a  post-metallization 
anneal  in  a  10%  H7  in  N?  ambient  at  400°C  for  10  min.  A 
constant  average  Current  of  4.5  x  10°  A/cm2  was  maintained 
during  injection  and  values  of  flatband  voltage  shift  shown 
are  for  injection  times  of  2000  sec. 

Post-oxidation  in  situ  annealing  is  observed  to  increase 
hole  trapping  considerably  at  higher  temperatures  particularly 
1100°C.  A  slight  increase  is  also  noted  for  oxygen  pulled  samples 
with  900°C  C>2  cooled  samples  yielding  the  least  hole  trapping. 

Considering  a  model  where  the  probability  of  trapping 
is  proportional  to  the  number  of  unfilled  traps  (1)  the 
shift  in  flatband  voltage  is  given  by 


-oJt/q' 


where 


1  -  e 


flatband  voltage  shift 

oxide  capacitance  per  unit  area 

capture  cross  section 

current  density 

injection  time 

electronic  charge 

effective  charge  density 
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VOLTAGE  SHIFT  (volts) 


R9I004 


Dry  O2  Oxidation 

PMA  10%  H2  in  N2,  400°C,  lOmin 
J  =  4.5  x  10” 8  Amps'/cm2 


OXIDATION  TEMPERATURE  (°C) 


Flatband  voltage  shift  versus  oxidation  temperature 
for  hole  trapping  by  avalanche  injection  from  n-type 
(111)  substrates.  Samples  were  oxidized  in  dry  O2 
and  received  a  post  metallization  anneal  at  400°C 
in  a  101  H2  in  N2  ambient  for  10  minutes.  Flatband 
voltage  shifts  are  for  2000  sec  injection  time. 


taking  the  derivative  with  respect  to  time 


A  plot  of  the  £n  [-r-r-  VpR]  versus  injection  time  t  will 
yield  a  straight  line  in  theBcase  of  a  single  trap,  the  slope 
of  which  allows  the  computation  of  the  capture  cross  section 
and  the  intercept  gives  information  on  the  effective  trap 
density.  Figure  2  shows  the  results  obtained  from  sample 
TR7-H,  which  was  oxidized  in  dry  02 ,  at  1000°C,  annealed  in 
situ  in  nitrogen,  and  cooled  in  N^.  A  single  trap  se^ms 
dominant  in  this  case  of  cross  section  3.5  x  10  15  cmz  with 
an  effective  trap  density  of  about  2  x  lO^/cm  • 

Variations  in  low  temperature  post-metallization 
annealing  was  investigated  by  using  two  different  annealing 
processes  "400°C^  10  min,  10%  H2  in  N2"  and  "400°C,  10  min, 

N,"  indicate  no  substantial  detrimental  effects  from  the 
addition  of  the  10%  hydrogen  in  the  ambient. 

2 .  Electron  Trapping  in  Dry  0 2  Oxides 

Measurements  have  not  beem  completed  to  date  on  all 
samples  in  this  group.  Preliminary  results  indicate  smaller 
trapping  cross  sections  for  electrons  as  expected.  Post¬ 
oxidation  anneals  in  nitrogen  or  argon  at  higher  temperatures 
do  not  have  the  drastic  effects  observed  in  hole  trapping. 

Interface  traps  generated  by  the  avalanche  injection 
are  also  being  monitored  for  selected  samples  in  this  set. 
Figure  3  shows  the  increase  in  interface  traps  at  midgap  as 
a  function  of  time  for  a  sample  oxidized  in  dry  02  at  900°C 
and  cooled  slowly  in  the  oxidizing  ambient.  A  rapid  build  up 
of  states  is  observed  at  times  less  than  1000  sec,  followed 
by  a  relatively  constant  generation  rate  and  a  slight  decrease 
in  the  generation  rate  at  times  greater  than  3500  sec.  More 
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Fig.  3.  Effective  fixed  oxide  charge  density  Nf  and 

interface  trapped  charge  density  versus  injection 
time. 
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measurements  are  being  carried  out  in  order  to  characterize 
the  behavior  of  interface  traps  during  avalanche  injection 
and  their  dependence  on  process  variables. 

Electron  Trapping  in  Pyrogenic  Steam  Oxides 

Measurements  have  been  started  on  the  characterization 
of  the  process  dependence  of  avalanche  carrier  injection  and 
trapping  in  pyrogenic  steam  oxides.  Results  of  electron 
trapping  are  shown  in  Fig.  4  for  samples  oxidized  at  900°C. 
Substantial  trapping  was  noted  for  all  samples  particularly 
those  cooled  in  steam.  These  steam  cooled  samples  showed  a 
very  rapid  increase  in  flatband  voltage  followed  by  a  decrease, 
and  a  subsequent  slight  increase  at  large  injection  times. 

This  decrease  in  flatband  voltage  shift  has  been  observed 
previously  (2)  and  is  possibly  related  to  a  rapid  increase 
in  interface  traps.  The  details  of  interface  trapped  charge 
behavior  will  be  investigated  in  the  coming  months  in  order 
to  verify  this  conclusion. 

The  program  schedule  is  enclosed  and  the  program  is 
essentially  on  schedule.  Some  measurements  for  electron 
trapping  in  dry  07  are  not  yet  completed,  but  electron  trapping 
in  steam  oxides  are  ahead  of  schedule.  Results  of  radiation 
induced  carrier  trapping  to  be  carried  out  at  the  Naval 
Research  Laboratories  are  not  available  to  date.  Comparison 
of  avalanche  induced  and  radiation  induced  trapping  should  be 
quite  interesting. 
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FLAT  BAND  VOLTAGE  SHIFT  (volts) 
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Fig.  4.  Flatband  voltage  shift  versus  injection  time  for 
wafers  oxidized  in  pyrogenic  steam  at  900°C  for 
various  cooling  procedures.  Post  oxidation  anneal 
400°C ,  10%  H2  in  N2 ,  10  min. 
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